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SUMMARY

The electromyographic responses to step torque loads were studied

in flexors and extensors at the human wrist. Based on temporal
bursting patterns and functional behavior, the response was divided
into four temporal components. Twou early components, the myotatic
(3P-6p ms) and late myotatic (6§-12¢ ms) appear to be reflex
responses. The third postmyotatic component (12¢-2f@ ms) appears to
be a triggered reaction, preceeding the fourth, stabilizing
component (2@@-4PP ms). A comparison of responses at the wrist with
similar data at the ankle provides the basis for a generalized
classification of the responses in various muscles to torque step
perturbations.

INTRODUCTION

The study of human motor control has recently seen a number of
reports on the electromycgr-phic (EMG) response of single muscles
to highly contrived perturoations in carefully controlled laboratory
situations. Since the work of Hammond (1956), many investigators
have used the limb perturbation paradigm in an attempt to answer
the question of how the human motor system responds to externally
applied loads (Melvill Jones and Watt, 1971; Allum, 1975; Lee and
Tatton, 1975; Marsden et al, 1976; Evarts and Granit, 1976; Crago
et al, 1976; Gottlieb and Agarwal, 1976, 1979; Thomas et al, 1977;
Hagbarth, et al, 1981; aud nthers). As artificial as this paradigm
is, it has remained the choice of many investigators. This is,
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first, because of our lack of understanding and agreement at this
most simple and cuntrolied level, and second, because of the added
complexities and technical problems involved in attempting to study
the response of the motor system to nerturbations in more complex
paradigms,

One of the intriguing questions about the response of the human
motor system to externally applied loads has been the extent to which
it is achieved by reflex action versus voluntarv action (see
Weisendanger, 1978). Along with this question has been the as yet
unresolved controversy concerning the neuroanatomical pathways
mediating some of these responses. ‘'lews differ over the relative
involvement of the cerebral cortex (e.g. Marsden et al, 1973). An
alternative scheme links the responses to segmental mechanisms which
mediate multiple bursts ol afferent activity (Hagbarth et al, 1981).
One purpose of the present study was to determine to what extent
the EMG responses of wrist flexors and extensors to torque steps
are mediated by reflex processes.

One might wish a hypothesis of the mechanisms for these responses
to be applicable to the entire human motor system. Unfortunately,
when the results from the morc commonly studied muscles are
compared, different muscles appear to have quite different responses
to similar torque perturbations. This can give rise to different
and even conflicting hypothesis of load compensation. For example,
an early hypoihesis suggested that thz response of the human motor
system to externally applied loads was to regulate length, and this
hypothesis is commonly refered to as load compensation (Merton,
1953). A more recent hypothesis sugpested that muscle stiffness was
being regulated (Houk, 1988), that is, the system regulates both
length and tension to maintain a certain level of sti.fness.

Differing experimental observations and their explanatory hypothesis
arise in part from the use of different muscles, or from slight
differences in experimental paradigms among investigators. There are
also the concomitant differeaces in terminology (e.g. FSR of Melvill
Jones and Watt, 1971; M1-M2-M3 of Lee and Tatton; SiL~ML-LL of

O0'Riain et al, 1979; myotatic-postmyotatic of Gottlieb and Agarwal,
1980a) .

Another purpose of the present study was to describe a data base
of the EMG responses in wrist flexors and extensors that would be
directly comparable to an existing data base on the ankle flexors
and extensors (Gottlieb and Agarwal, 1979, 198Pa, b) using similar
paradigms and subjects. This comparison is interesting in that it
gives some indication of the possibility of devising a generalized
classification of the response of the human motor system to
externally applied loads, at least with regard to similar joints in
the upper and lower extremity. Given the functional and anatomical
Jdifferences between human upper and lower limbs, it is by no means
obvious that a meaningful comparison would be possible, but such

-480-

i Sman i . <yt e

PR



AR T R e W, T n g N . - e

proves to be the case. Such a general classification scheme 1s a useful
step in formulating a unified understanding of the human motor responses
to mechanical perturbations.

METHODS

All experiments were performed using 8 normal human subjects of both
sexes, between the ages of 2P to 40 years. A subject sat comfortably in a
chair next to the apparatus. The upper arm was abducted about 45 degrees,
with the elbow flexed about 99 degrees. The forearm was aligned in the
device, and either rested on a long foam pad or was supported by elbow and
distal forearm supports. The wrist was positioned such that the axis through
the head of the capitate about which flexion and extension movements occurred,
coincided with the vertical axis of the shaft of a D.C. torque motor (Inertial
Motors, Model $6-024) mounted below the wrist. An aluminuwm bar was directly
coupled to the shaft of the motor, and an adjustable flat paddle was bolted
to the bar. The subject's hand, with fingers extended, was strapped flat to
the paddle by three straps. Heavily padded mechanical stops limited the
flexion and extension to about 75 degrees on either side of the relaxed
neutral position., An oscilloscope display was provided with a reference
target dot (finely focussed) and a movable response dot (diffusely focussed,
about 3 times the width of the target dot) the position of which was con-
tinuously proportional to joint angle. This display assisted the subject in
always using the same neutral rest position throughout the experiments, This
apparatus restricted wrist motion to flexion and extension. No abducting and
adducting movements could occur. A schematic of the experimental apparatus
is given in figure 1.

Torque was measured by four semiconductor strain gauges (BLH Electronics,
SR-4) bonded to the motor shaft (Perry and Lissner, 1955). Angular position
was measured by a rotating-plate, capacitive transducer (Trans-Tek,
model 6@@). The motor was driven by a D.C. power emplifier (Inland Controls,
Model 200B).

The EMG activity of the flexor carpi radialis (FCR) and extensor
carpi radialis (ECR) was led off using redux creme column electrodes
(Hewlett-Packard, model 1422PA) with adhesive collars. The EMG signals were
differentially amplified and band-pass filtered (1p9, 69-1090 Hz). This
raw EMC signal was further amplified (15X), full-wave rectified, and finally

passed through an averaging filter with a 7 ms averaging time (Gottlieb and
Agarwal, 1970),

A digital computer generated the motor amplifier drive voltage. Ty-
pically, three levels of background torque or "bias" were used. with positive
torques stretching the tflexors. The computer digitized motor shaft angle
and torque (at a rate of 250 samples per second) and FCR and ECR rectified
and filtered EMGs (at a rate of 5@ samples per second) for later analysis.
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The basic experimental paradigm was to deliver one second long steps
of torque, randomized in amplitude, direction and inter-step
interval to flex or extend the wrist. This was repeated for thnree
different torque bias levels (@.025, @, and -9$.025 kgm). The subiect
would be given one of four instructions on what to do when the
torqu: step was received. These instructions were:

1. Do not react (DNR): Allow the motor to move the wrist
without voluntary interventi.n.

2. React to target (RTT): React as quickly as possible
to restore the wrist to its starting position.

3. React maximally (RMAX): React as quickly as possible
to overcome it and move your wrist as forcefully as
possible in the opposite direction, to the limits of the
mechanical stops.

4. Assist (ASST): React bv moving as rapidly as possible
in the same direction to the limit of the mechanical stop.

Perturvation Experiments

Three series of perturbation experiments were performed. All three used
random sequences of torque steps, evenly spaced between $.87 and ¢.25 kgm in
magnitude, presented at random intervals of from three to six seconds. In the
first series, sets of thirty torque steps were presented with five step am-
plitudes randomly presented six times each. Step direction (flexion or
extension) was always the same during one set, and this was known to the sub-
ject. Twelve sets were taken for each subject, with different combinations
of instruction (RTT or DNR), bias torqucs, and step direction. This first
series is analogous to a simple visual tracking experiment in the sense that
subjects received a uni-directional perturbation which required a simple
uni-directional response.

The second series of experiments presented one hundred torque steps
(ter amplitudes, randomly presented ten times each). In this series, the
direct. - ~f the torque step was also random, with five of the steps flexing
the wrist and five extending it, and this was known to the subject. Six sets
of data were taken for each subject, using two different instructions (RTT or
DNR} at three values of bias torque. This second experiment was thus anal-
ogous to a choice visual tracking test with regard to the two possible
directions of the perturbing torque step to which the subject selected an
appropriate response.

In the third series of experiments, sets of thirty torque steps of

five amplitudes were randomly presented six tines., Step direction was always
the same and this was known to the subjecct. A constant bias torque (9.625 kgm,
in the same direction as the torque step) was maintained in each set. A total
of eight sets of data were collected for each subject, each with a differeat
combination of instruction (RTT, DNR RMAX, or ASST) and direction of step/bias
corque, Our subjects reported that the ASST instruction was the most difficult
one to follow.
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DATA ANALYSIS - PERTURBATION EXPERIMENTS

The data was analyzed, first, by averaging together the responses to
torque steps of like amplitude and plotting the resulting ensemble averages
versus time. The EMGs were then integrated over four selected response
intervals: these were approximately 30-6@, 60-12¢, 120-200¢ and 20@-400 ms
following torque step presentation. The first two intervals and the begin-
ning of the third interval were chosen based on EMG bursting patterns found
by inspecticn of the average plots. The boundary between intervals 3 and
4 and the end of interval 4 were chosen based on other considerations to be
discussed laizr. The integrated EMG (IEMG) for each interval was corrected
for the prcsence of background activity by subtraction of the mean IEMG
level measured over a 5¢ ms interval before the torque step. There is some
variation in these intervals between subjects which were determined by
visual inspection of the data and adjusted in calculations of IEMG.

The IEMG for a given interval was then plotted versus the velocity
of rotation, computed from the averaged angular velocity trace by digital
differentiation 12-16 ms following the torque step, and a first-order,
linear jregression line was fitted. The slope of this line was taken as a
measure of the gain of the reflex arc. For this reason, these plots are
referred to as gain plots (see Gain of EMG Responses in discussion and
Gottlieb and Agarwal, 1979, for further details).

The latencies of the first three EMG components were manually measured
from individual records using an interactive graphics terminal. This was
necessary because an unbiased measurement of latency cannot be obtained from
averaged records.

REACTION TIME EXPERIMENTS

To compare the latencies of the perturbation-evoked EMG components against
voluntary reaction latencies, another experimental paradigm was used to study
visual and auditory voluntary reaction times, in a fourth series of experiments.
Since no torque perturbations were used in these experiments the torque motor
was used with velocity and position feedback circuits to provide a sensation
of "springiness'" rather than unimpeded rotation, which subjects reported as
being helpful, For visual reaction times, the scope display \-as changed so that
the computer controlled the position of the target dot which assumed one of
three discrete positions on the screen: Center, and extreme right or left.

The response dot moved along the same horizontal axis as the target -ot.

The experimental paradigm allowed both simple and choice reaction times
(SRT and CRT) to be measured. Initially, the target dot was at the ccater
position. After a variable delay of three to five seconds it jumped left or
right on the screen. The subject, instructed to track the target, chose the
appropriate motion, a "choice'" reaction. Once the target dot had moved and a
response had been made, the target dot always returned to the center position,
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again after a variable delay. Because the subject always knew the endpoint
of th: returning jump, this was a "simple" reaction.

Voluntary reaction times to auditory stimuli were studied in a similar
paradigm. Here however, the target display was replaced with a voltage con-
trolled oscillator, controlled by the computer to produce three distinct tones.
The middle tone (= 33@ Hz, "E") corresponded to the center neutral wrist
position at rest. The low and high tones (= 15¢ and 5¢@¢ Hz, "D" and "B",
respectively) corresponded to the extreme joint positions of flexion and
extension, respectively. To begin the experiment, the middle tone was pre-
sented for about 1@ seconds. After a random delay, the middle tone changed
to either the low or high tone with the subject instructed to perform the
appropriate wrist movement as quickly as possible. This was the choice
reaction. Following this, the middle tone was again presented and the sub-
ject made a simple response to thc center. Positioning the wrist in the
center position was aided by a moderate amount of position feedback to the
torque motor.

DATA REDUCTION - REACTION TIME EXPERIMENTS

The data collection and reduction was identical for both visual and
auditory reaction times. Following a stimulus presentation, one second of
data were collected at 25@ samples per second of joint angle and EMGs from
FCR and ECR. Latencies were measured from individual EMG records and
tabulated as simple or choice responses.

RESULTS

Nature of EMG Responses

Typical responses to step torque perturbations are illustrated in
figure 2. These are ensemble averages of joint angle and EMG from the
stretched muscle (either ECR or FCR) for a single amplitude of torque step,
in both flexion and extension, at three levels of bias torque. In both ECR
and FCR, the EMG responses to a torque step were partitioned into four bursts.
These we shall refer to as the myotatic responses (3¢-6¢ ms), the late myota-
tic response (6@-12¢ ms), the postmyotatic response (12¢-20@ ms), and the
stabilizing response (2¢¢-40@ ms). The stabilizing response continued as
long as the subject resisted the motor, but the first 2@ ms were taken as
representative. In some records, each of the first three bursts is separated
by short periods of silence, while in others the bursts overlap. The post-
myotatic and stabilizing responses almost always appeared to merge. The
rationale for choosing the intervals 30-6@ and 60-12¢ ms can be seen from che
bursting patterns of figure 2. Similarly, "e choice of about 120 ms for the
onset of the third interval is clear. The choice of 20 and @@ ms as inter-
val boundaries was somewhat arbitrary, but this will be treated .urther in
the discussion. Within these intervals there was always variability in the
latency of each burst but rarely eaough to obliterate the peaks and valleys
of the averaged data. In any case, this categorization of responses relies,
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not upon our ability to visually distinguish bursting patterns, but to make
other distinctions of a more functional nature.

For most subjects the myotatic response is the smallest. It is not
always present, and with the DNR instruction or a hias torque of opposite
sign to the step i* is frequently suppressed entirely. The late myotatic
responses were larger and were present in every individual record. The
postmyotatic and stabilizing responses, present in the lengthening muscle
only with the RTT or RMAX instructions, were larger still., They were absent
with the DNR instruction. With the ASST instruction, the postmyotatic and
stabilizing responses appeared in the shortening (assisting) rather than the
lengthening muscle.

GAIN OF EMG RESPONSES

In the first and second series of experiments, all four intervals showed
a linear and monotonic increase of IEMG with the velocity of stretch (except
for the last two intervals with the DNR instruction when no responses occur).
The linear regression lines converged on the origin. There are other mechani-
cal variables which correlate well with the velocity of stretch, such as the
deflection angle and the amplitude of the torque step. The IEMG would show
a similar behavior if plotted against one of these. It is because of this
correlation between velocity and torque that the stabilizing responses (20¢-
40@ ms) is proportional to the velocity measure we use. At the ankle joint,
the response in the interval 2¢0@-40@ ms is proportional to the torque level
in the motor being opposed by the subject (Gottlieo and Agarwal, 1980a).
While this was not explicitly investigated at the wrist, we expect the same
to be true,

The gain of the myotatic response depended heavily on the bias torque
as shown in figure 3. This was most evident with the DNR instruction but
also true for instructions requiring a reaction (RTT or RMAX). The behavior
of FCR and FCR were similar to each other. The gain of the late myotatic
response behaved much like the gain of the myotatic response in its dependence
on bias, as shown in figure 4.

In distinction from the two earlier responses, the postmyotatic and
stabilizing responses showed little dependence on bias, as shown in figure 5.
The behavior of ECR and FCR were similar to each other for the two later
components as well. The gain plots of figures 3 through 5 are representative
of data seen in all 8 siubjects.

The average gain for each subject and each IEMG interval were computed
for experiments of series one and two. No systematic effect of a known versus
aa unknown direction of the torque step was seen. A standard t-test was used
to test the hypothesis that the mean gain for series one (known direction)
was the same as the mean gain for series two (unknown direction). 1In 19 of
24 cases (4 intervals by 6 subjects) there was no significant difference.

(p < 9.01).

The dependence of the EMG gain in the four intervals on the full set of
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instructions (RTT, DNR, RMAX, and ASST) from experiment 3 is shown in the
gain plots of figure 6. Here, four regression lines appear on each response
interval plot corresponding to the set of instructions, All regression lines
for a stretched muscle converge on the origin and show a linear, monotonic
increase in IEMG with stretch velocity with the exception of the RMAX line
for the 200-400 ms interval., Note that the lines for the ASST instruction in
the 120-20¢ and 20¢-400 ms intervals are taken from the assisting rather than
the stretched muscle.

LATENCY IN VISUAL AND AUDITORY STEP TRACKING

The results for voluntary step tracking (series 4) are summarized in
table 1. A series of t-tests were run within subjects to test the hypothesis
that mean SRT was the same as mean CRT. This hypothesis was rejected in all
but 2 of 12 tests at p < P.01, although in these two cases SRT was still lesuy
than CRT. The fastest reaction time was auditory SRT, followed by visual SRT,
visual CRT, and auditory CRT. Although there was a greater disparity between
CRT and SRT in the auditory paradigm compared to the visual paradigm, the
differences were significant in both. The most important point in these
reaction time data is that the well known dichotomy (Welford, 1976) exists
between voluntary simple and choice responses to visual as well as to audi-
tory stimuli within our experimental setup.

EMG LATENCY - TORQUE STEPS

Latency measurements of postmyotatic responses (120-200 ms interval)
were on the order of 120-15¢ ms, with no clear cut dichotomy between simple
and choice reaction times. This was verified by testing whether the mean SRT
was the same as the mean CRT using a t-test, as shown in table 2. Latencies
of the 3¢-6@ and 6@-120 ms components remained stable over all experiments.
The latencies of the 209400 ms components could not be accurately measured,
due to the overlap encountered with the previous interval.

The coefficients of variation for the postmyotatic, visual, and audi-~
tory latencies are summarized for simple and choice situations in table 3.
Note that variahility of latencies in choice situations is larger than in the

simple situation for visual and auditory reaction times, but not for
postmyotatic latenciles.

DISCUSSION
Uniqueness of Each EMG Component

Each of the EMG components observed in this study displayed its own
characteristic set of properties. The earliest response, occuring in the
30-60 ms interval, is the myotatic reflex. Based on latency considerations,
it is equivalent to the M1l response described by Lee and Tatton (1975). It

is analogous to the tendon tap response and thus largely mediated by the
primary spindle afferents (Matthews, 1972). The wrist myotatic response is
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both weak and variable when compared to the late myotatic response in the same

muscles, or to the myotatic response in the soleus (Gottlieb and Agarwal, 1979).

The gain of the myotatic response depends heavily on both instruction and bias.
In most subjects, it could be entirely suppressed under appropriate combina-
tions of those variables. 1Its latency was stable in all paradigms.

The second response (late myotatic), occurred in the 6@-17¢ ms interval.
Based on latency considerations it is equivalent to the M2-M3 response of Lee
and Tatton (1975). The afferent input mediatiag this response is uncertain,
although it has been suggested on indirect evidence that the spindle may be
the responsible receptor (Iles, 1977; Marsden et al, 1977; Chan et al, 1979).
Recent data of Hagbarth et al (1981) suggests that multiple spindle discharges
are responsible for the multiple reflex EMG responses observed in stretched
muscles. However, the relationship between afferent stretch discharge and
reflex EMG is not a simple one~to-one relationship. These authors noted that
the EMG response often contained one less peak than the neural response.

Other than the initial latency, the temporal correlation between peaks and
valleys of the afferent activity and the EMG response is poor (see figs 6

and 7 of Hagbarth et al, 1981). The late myotatic response is much stronger
than the myotatic response. Its gain could be modified by instruction or
bias, but it was always present in every individual record. The latency of
this response was stable over all data collected. There does not appear to
be an equivalent late myotatic response in the soleus (Gottlieb and Agarwal,
198@a), although there may be an analogous response in the biceps and triceps
(Thomas et al, 1977).

The postmyotatic response was present only ior the instructions involv-
ing a voluntary reaction by the subjec:. It is not a reflex (Gottlieb and
Agarwal, 1983a) and based on latency cousiderations, appears to be equivalent
to what was described as voluntary activity by Lee and Tatton (1975).

Unlike its two predecessors, the postmyotatic response is not locked to
the stretched muscle. Unlike visual or auditory reactions, the postmyotatic
response shows no dichotomy between the simple and choice response situations.
The gain curves of the postmyotatic response are like those of the myotatic
and late myotatic responses for the KTT and RMAX instructions. They differ
from the gain curves of the earlier responses in that they are insensitive to
bias, and are zero when a DNR instruction is given. The postmyotatic response
at the wrist appears to be quite similar to the p- *myotatic activity occuring
fn the interval 100-200 ms in the soleus (Gottlieb a.' Agarwal, 1980a). It
remains to be seen whether analogous postmyotatic activity exists in the biceps
or triceps.

Finally, the stabilizing EMG response in the interval 2(¢¢-40¢ ms
occurs only for instructions requiring a sustained reaction. The IEMG
for this component shows a monotonic increase with rate of stretch, except
for the RMAX instruction, where a large offset is observed. The latency of
this response could not be accurately determined.

Thus it appears that the EMG responses of wrist flexor and extensors
may be partitioned into a minimum of four distinguishable intervals. Such a
partitioning is compatible with thec observed repetitive spindle bursting
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described by Hagbarth et al (1981) but by itself such bursting cannot account
for the observed functional differences between the different intervals.

One factor contributing to these differences may be the efferent
fractionation of motor units in a similar experimental paradigm with monkeys
(Bawa and Tatton, 1979; Tatton and Bawa, 1979). The differences may also
reflect progressive recruitment and derecruitment of mechanisms from different
levels of the motor contol hierarchy. From the present study no definite
conclusion can be drawn.

REFLEXR VERSUS VOLUNTARY RESPONSES

In considering various temporal segments of the EMG response, the ques-
tion arises as to where to place the dividing line between reflex and volu-~lary
responses. A short and stable latency, usually associated with reflex respon-
ses, would reflect primarily neural conduction time with minimal CNS processing
delays. Certainly the myotatic response satisfies this criterion and me_ be
considered a reflex response. Inability to voluntarily suppress a response
is also a characteristic generally attributed to a reflex. This should not
be confused with the ability to "voluntarily'" modulate a reflex response
(e.g. the Jendrassik maneuver), as illustrated by the dependence of the
myctatic response on bias of the present study.

Similar observations apply to the late myotntic response. Although
its latency is longer this response has all the characteristics of a reflex.
The reflex arc associated with this response has been the subject of much con-
troversy (e.g. Desmedt, 1979). No major distinctions other than latency
can be drawvn between these two components from the data presented here.

The postmyotatic response presents more of a problem. Its latency
is longer than the preceding myotatic and late myotatic responses, on the
order of commonly accepted values of kinaesthetic reaction times (approx-
imately 128 ms, see Chernikoff and Taylor, 1952). Of course latency alone is
not a sufficient classification criterion for any response. The postmyotatic
response is present only with an instruction requiring a voluntary reaction
by the subject. It does not depend on bias torque as do the previous responses,

nor is it restricted to the stretched muscle. These are "voluntary" charac-
teristics.

The postmyotatlc response has other characteristics which differ from
other responses we would commonly accept as voluntary. First, with the
instruction RTT, an increasing IEMG with velocity of stretch i{s expected and
observed. With the RMAX instruction a large, constant and velocity indepen-
dent IMEG would be expected. In reality, the gain plots for the postmyotatic
response with these two instructions are indistinguishable. The gain character-
istics of the poscmyotatic and stabilizing responses for the ASST instruction
(measured in the assisting muscle) were not as consistent as their counterparts
in the stretched muscle for the RTT and RMAX instructions.

A second feature of postmyotatic responses is that they shov no dichotomy
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petween simple and choice reaction situations as do voluntary reactiouns

to visual and auditory stimuli. It has been reported that at least for

one type of kinaesthetic reaction time, no dichotomy between two and higher
choice response tasks was found (Leonard, 1959).

In view of the above dilemma, we concider the postmyotatic response to
be poorly described by either of the terms "reflex" or "voluntary”". We call
this a triggered response (Crago et al, 1976, Gottlieb and Agarwal, 198fa).

The exact point at which the truly voluntary response commences is open
to question. Estimates from visual and auditory reaction times suggest
a value on the order of 180-22¢ ms. In the present study, 20P ms was chosen.
An exact determination is perhaps beyond the realm of neurophysiological
definition,

Symmetry cf Responses

Inspection of figure 2 shows that flexor and extensor responses to
stretch are similor, possessing a high degree of symmetry. It was impossible
to distinguish between FCR and ECR responses given the criteria of the present
study. The syumeiry in responses at the wrist is sharply contrasted by the
asymmetry observed in ankle flexors and extensors (Gottlieb and Agarwal,

1979, 198Pa). The response of the tibialis anterior is more like the res-
ponses of the FCR and ECR. The soleus differs, having a much stronger my-
otatic response and lacking the late myotatic response.

Known versus Unknown Perturbation Direction

No consistent effect of prior knowledge of torque step direction on the
gain for any interval was seen. This i8 not in agreement with previous data
on the effects of expectation on EMG responses to torque steps at the wrist
(0'Riain et al, 1979)

General Characteristics of Responses to Torque Steps

Comparing the EMG responser and reaction time data for the wrist flexors
and extensors of the present study with comparable data for ankle flexors
and extensors leads to a scheme for classification of these responses. The
schematic EMG responses to torque perturbations, shown in figure 7, form
the basis for the following discussion. A schematic voluntary response to
visual or auditory stimuli is also shown.

A period of silence immediately follows the torque step. This reflects
neural conduction delays. The myotatic response (Ml) is the earliest resporse,
occurring at a latency comparable to that of the tendon tap response. At the
wrist, it is enhanced by instructions requiring a reaction, while at the
ankle, where the response is more pronounced in the soleus, it is less de-
pendent on the instruction. Nevertheless, the myctatic response always: 1)
shows a linear, monotonic IEMG fincrease with stretch velocity, 2) appears only
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in the stretched muscle, 3) har a stable latency for all instructions, and
4) is strongly dependent on initial bias conditioms.

The late myotatic response is not present in al™ muscles. At the
wrist and tibialis anterior at the ankle, it is stronger than the pre-
ceding myotatic response. Like the myotatice re~wonse, it always:

1) shows a linear, monotonic IEMG increase with : retch velocity,
2) appears only in the stretched muscle, 3) has a stable latency for all
instructions, and 4) shows a dependence on the initial bias conditions.

Whether this general scheme of classification will be applicable to
other muscles remains to be seen. 1i%s most notable feature is the de-emphasis
of latency as the primary classification criterion. It appears to be use~
ful for comparing the EMG responses to torque perturbation in the flexors
and extensors of both the wrist and ankle. It proposes a progressive change
in dominance, from an early dependence of the response almost entirely upon
the stimulus to an eventual vylitional dependence which is only dependent
on the stimulus when the subject to chooses. The transition appears to take
place in the 1f# to 29 m» intervai in which we observe the postmyotatic
response, This transition interval appears to be the same at both the
ankle and the wrist, indicating that conduction times between higher motor
centers and the muscle play a small role in its determination.
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Figure 1: Schematic diagram of experimental apparatus consisting of a torque
motor, whose current (I) was under the control of a computer. Joint angle (8)
is measured by a capacitive angle transducer (A), and torque (t) transmitted
in the motor shaft is measured by strain gauges (G) bonded to the motor shaft.
Electrodes (El and E2) led off the EMG through amplifiers (X) and filters (F).
A visual display on the oscilloscope shows a reference target (D1) and joint
position (D2). Data is stored off-line on digital tape (T).
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Figure 7: Generalized scheme for the classification of EMG responses to various
stimuli. Step trace (top) represencts step torque perturbation for EMG responses
in traces A, B, C, and D, and visual step tracing stimuli for EMG response in
trace E. Abbreviations: RTT-react to target, RMAX-react maximaily, DNR- do not
react, ASST-assist, SOL-soleus, FCR-flexor carpi radialis, ECR extensor carpl
radialis, MR-myotatic response, PMR-postmyotatic response, STAB- stabilizing res-
ponse. See text for abbreviations of other names. Time scale arbitrary.
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